Desensitization of the human beta 1-adrenergic receptor. Involvement of the cyclic AMP-dependent but not a receptor-specific protein kinase.
Human SK-N-MC neurotumor cells express beta 1- but not beta 2-adrenergic receptors. Following exposure of the cells to isoproterenol, there was no reduction in the maximum response of adenylyl cyclase to the agonist but a 3-fold shift to less sensitivity in the concentration response. This desensitization was very rapid and dose dependent; half-maximal effects occurred at 10 nM isoproterenol. A similar shift was observed when membranes from control cells were incubated with ATP and the catalytic subunit of cyclic AMP-dependent protein kinase (PKA). No shift, however, was observed in intact cells exposed to either dibutyryl cyclic AMP or dopamine, which stimulates adenylyl cyclase in these cells through D1 dopamine receptors. To pursue the role of protein kinases in the desensitization process, cells were made permeable, loaded with a PKA inhibitor or with heparin, an inhibitor of the beta-adrenergic receptor kinase (beta ARK), and exposed to isoproterenol. The PKA inhibitor but not heparin blocked the agonist-mediated desensitization. In contrast, desensitized human tumor cells (HeLa and A431), which express beta 2-adrenergic receptors, exhibited both a shift in concentration response and a reduction in maximum response; the former was blocked by the PKA inhibitor and the latter by heparin. Our results indicated that whereas both human beta 1- and beta 2-adrenergic receptors are susceptible to PKA, only the beta 2 receptors are susceptible to beta ARK. These differences in desensitization may be due to differences in receptor structure as the human beta 1 receptor has fewer potential phosphorylation sites for beta ARK in the carboxyl terminus than the human beta 2 receptor.